Introduction
Henrik Sjögren (born in 1899 in Köping, Sweden) was perhaps destined to have his eponymous condition known to the world over. Indeed, in Swedish, sjö means Blake^and gre means Bbranch^. The fact that Sjögren's syndrome is related to a reduced tear lake and that branches of the corneal basal nerve plexus can exhibit pathology is an interesting coincidence. Sjögren' s interest in aqueous deficiency was perhaps sparked by the aqueous deficiency in the setting of trachoma harbored by the Ukrainian immigrants he was tasked with examining in his early career. In 1930, he described a case of a woman with rheumatism and hyposecretion of the lacrimal and salivary glands. It was this case where he introduced the new word keratoconjunctivitis sicca in the context of significant conjunctival and corneal staining with both rose bengal and methylene blue [1] .
In 1933, Sjögren presented his doctoral thesis at the Karolinska Institute, which was entitled, BK e n n t n i s d e r K e r a t o k o n j u n k t i v i t i s S i c c a filiformisbeihypofunktion der Tranendriisen^and in which he described mostly arthritic women with keratoconjunctivitis sicca [2] . Clinical and pathological features were discussed and he made a point to differentiate keratoconjunctivitis sicca from xerophthalmia seen in vitamin A deficiency. How, indeed, are these two conditions differentiated from each other clinically? In keratoconjunctivitis sicca, there is reduced aqueous production (Sjögren confirmed this with Schirmer testing) [2, 3] . In vitamin A deficiency, there is typically no aqueous deficiency, but rather a deficiency in mucin due to destruction of the goblet cells that produce mucin [4] . Sjögren postulated that his cases represented a systemic disease. Sadly, Sjögren's presentation did not receive the recognition it deserved and he was disqualified from receiving his PhD. His academic career was effectively over. However, despite this setback, Sjögren was very much alive to see the systemic condition that he described so well (and posited a systemic dysfunction) named for him. Sjögren died in 1986 and he was intimately involved with the major descriptions and characterizations of the disease. Sjögren was also made professor at Gothenberg University and was made an honorary member of the Swedish Rheumatological Society.
Ocular manifestations of Sjögren's syndrome As Sjögren described, the aqueous deficiency leads to keratoconjunctivitis sicca with dryness of the cornea and conjunctiva. The lacrimal gland can occasionally be enlarged, but typically in early stages, the lacrimal gland dysfunction leads to decreased aqueous (tear) production. However, there are exocrine glands in the conjunctiva and these are also affected in Sjögren's syndrome as well. Often, the cornea can manifest features of a reduced tear film in which the corneal epithelium may demonstrate epithelial erosions initially. Later, corneal filaments that are extremely painful can develop. In later stages of the disease when there is profound aqueous deficiency, the conjunctiva loses its lustrous and wet appearance and may easily stain with the same fluorescein dye that is best reserved for evaluating the cornea. Early involvement of conjunctival desiccation is best demonstrated with concentrated lissamine green 1%. Instilling the drop onto the superior bulbar conjunctiva allows the lissamine green drop to adequately stain both the superior and inferior bulbar conjunctivae. In some cases, the inflammatory component may manifest as superior limbic keratoconjunctivitis [5] .
The lacrimal gland reveals both focal and diffuse lymphocytic infiltrations on histology. Occasionally, there can be proliferation of the terminal ducts within the lacrimal gland leading to epimyoepithelial islands within zone of lymphoid hyperplasia [6] . In the histopathology of the conjunctival stroma, there is a lymphocytic infiltration and a reduction in the number of conjunctival goblet cells.
The ophthalmologist assesses keratoconjunctivitis sicca by evaluating aqueous production by the lacrimal gland.
Schirmer 1 testing
Inserting filter paper strips in the corner of each eye and quantifying how far the tears extend down the filter paper (in millimeters) over 5 min allows the ophthalmologist to quantify how much tears the lacrimal gland produces. Values below 5 mm are considered low, but this test exhibits variability.
Tear break up time
Instilling fluorescein dye into the eye allows for quantification of the evaporation of tears (in seconds) from the cornea after blinking. Tears that evaporate in less than 10 s after blinking are considered abnormal.
Corneal staining
Fluorescein dye also allows for evaluating the corneal staining pattern. Punctate epithelial erosions and filaments are more easily seen with fluorescein dye.
Conjunctival staining
Advanced keratoconjunctivitis sicca with profoundly dry conjunctiva can be appreciated with fluorescein dye, but the vital dyes lissamine green and rose bengal show conjunctival epitheliopathy in earlier, less advanced stages of dry eye disease. Lissamine green does not carry the discomfort that rose bengal does, so it is more typically used in clinic. We use concentrated lissamine green 1% (compounded) as opposed to lissamine green-impregnated strips that are wet with saline or sterile water, though many centers use the strips as they are commercially available [7] .
Questionnaires for dry eye symptoms
There are a variety of tools to assess dry eye symptoms including the Ocular Surface Disease Index as well as visual analog scales [8] [9] [10] . Symptoms of ocular dryness and discomfort are important to assess in Sjögren's syndrome partly because patient-reported symptoms of dry eye often do not correlate with signs of keratoconjunctivitis sicca [11••, 12, 13 ••].
General initial approach
Topical therapy to replenish the ocular surface's hydration in the form of artificial tears and ointments is outside of the focus for this article. An excellent review of the management of dry eye disease in Sjögren's syndrome using topical therapies has been presented elsewhere [14•] . Briefly, there is a multitude of artificial tear therapies available over the counter to patients. Most ophthalmologists recommend to their patients using preservative-free artificial tears, particularly if lubrication is being used more frequently than four times daily. Additionally, serum tears (made from the patient's own serum drawn by phlebotomy) can provide additional comfort. Because there is a reduction in goblet cells and mucin production in the conjunctiva, mucin secretagogues (including diquafosol and rebamipide) may help with ocular surface lubrication [15] . Topical mucin secretagogues are not available in the USA, however. In severe or refractory cases of keratoconjunctivitis sicca, scleral lenses may provide improvement in comfort, vision, and signs of keratoconjunctivitis sicca. Scleral lenses are rigid lenses that rest on the sclera and are vaulted off the cornea. This creates a reservoir in which fluid can be placed and, when the patient places on their eye, allows for the cornea to be bathed in the lubricating fluid. An intranasal tear neurostimulator, which functions by an element that is placed on the nasal cavity's mucosa and is then controlled by a rechargeable stimulator unit, can help in increasing lacrimal gland tear production [16] .
Topical immunomodulatory therapy
Because inflammatory mediators are present on the ocular surface, the use of medications that abrogate or modulate the inflammatory response can play a role in decreasing inflammatory-mediated signs and symptoms of keratoconjunctivitis sicca. If we consider that non-infectious intraocular inflammation (uveitis) is managed by using therapies that target the inflammatory response, it is reasonable to consider that inflammation on the ocular surface could be managed using a similar approach.
Corticosteroids
Corticosteroids have myriad effects on inflammatory pathways and are first-line agents in the management of ocular inflammation including scleritis, keratitis, and uveitis [17] . In the setting of dry eye disease, topical corticosteroids have been shown to decrease corneal fluorescein staining, improve tear break up time, and improve Schirmer 1 testing [18, 19] . A recurrence of signs of keratoconjunctivitis sicca may recur after stopping topical corticosteroids [19] . Lowpotency topical corticosteroid treatment with fluoromethalone (FML) in conjunction with artificial tears when compared to artificial tears alone and combination artificial tears and flurbiprofen (a topical nonsteroidal) has been shown to not only improve fluorescein and rose bengal staining but also demonstrate higher numbers of goblet cells on impression cytology in a randomized trial (involving Sjögren's syndrome and non-Sjögren's participants) [20] . Schirmer 1 testing, however, did not improve.
Long-term use of topical corticosteroids is typically not recommended. The use of topical corticosteroids carries risk of elevated intraocular pressure, which can lead to glaucoma, or the generation of a posterior subcapsular cataract. However, low-frequency (i.e., twice daily or less) topical corticosteroids (such as prednisolone acetate 1%) are used long-term in other ocular conditions including herpetic interstitial keratitis and keratouveitis, and non-infectious uveitis [21, 22] . Indeed, in our clinical practice (as we have experienced with using maintenance doses of topical corticosteroids for many years and decades), we find that the side effects of topical corticosteroids can be monitored provided patients return for regular visits to check intraocular pressure and lens status.
Our preferences for steroid drops in the setting of keratoconjunctivitis sicca are for a solution-based drop, which include (in order of decreasing potency) dexamethasone 0.1%, prednisolone sodium phosphate 1%, and methylprednisolone 1%. Non-preserved formulations of these topical corticosteroids can be produced by a compounding pharmacy. Since prednisolone acetate 1% is a suspension, the prednisolone particles may cause more irritation on the ocular surface of those experiencing ocular discomfort, including those with keratoconjunctivitis sicca. Moreover, particle sizes in prednisolone acetate vary depending on manufacturer [23] . We feel that since solutions lack the particulates, there may be less ocular discomfort experienced by the patient.
Cyclosporine A
The calcineurin (or T cell) inhibitor, cyclosporine, has been FDA approved for dry eye (Restasis, cyclosporine ophthalmic 0.05%, Allergan, Inc.). Cyclosporine can also be compounded into higher concentrations such as 0.1, 0.2, and 0.4%. Cyclosporine 0.05% and 0.1% have been shown to improve corneal fluorescein staining and Schirmer with anesthesia testing more than placebo (vehicle) in randomized trials [24] . However, it is important to note that both cyclosporine and placebo groups showed an improvement with therapy at some time points (regardless of randomization). Additionally, all arms showed an improvement in both conjunctival staining and Schirmer 1 (without anesthetic) testing, and there was no statistically significant difference between the arms with respect to these parameters. The vehicle used in the study (which was the same as the emulsive agent used in the cyclosporine emulsions) was a proprietary formulation of non-preserved castor oil in water [24] . The improvements in ocular features of keratoconjunctivitis sicca, then, may have been related to the formulation of the vehicle. Additionally, patients in this Allergan-funded trial received preservative-free artificial tears (REFRESH Lubricant Eye Drops, Allergan, Inc.) to be used Bas frequently as needed^ [24] . Topical cyclosporine 0.05% has been shown to reduce lymphocyte activation markers in the conjunctiva of those with keratoconjunctivitis sicca (in both Sjögren's syndrome and non-Sjögren's syndrome), but not the conjunctival T cell infiltrate when compared to the vehicle (Allergan's proprietary vehicle) [25] .
Lifitegrast
Lifitegrast (Xiidra, Shire, USA) was recently approved by the US FDA for the treatment of dry eye. It inhibits lymphocyte function-associated antigen 1 (LFA-1), which is a member of the integrin family, from binding to intercellular adhesion molecule 1 (ICAM-1). T cells that mediate inflammation express LFA-1, so inhibiting the interaction between LFA-1 and ICAM-1 leads to the prevention of T cells from becoming activated as well as migrating to target tissues.
Phase 3 trials comparing lifitegrast to placebo have recently occurred. In one randomized phase 3 trial, after a 2-week placebo run-in, participants were randomized to receive lifitegrast or placebo in the study eye. At 12 weeks, primary endpoints included change from baseline to 12 weeks, from baseline in eye dryness as measured on the visual analog scale as well as ocular signs of keratoconjunctivitis sicca (inferior corneal fluorescein staining in the study eye). While there was a statistically significant greater improvement in patientreported symptoms in eye dryness in the lifitegrast group compared to placebo, there was no difference between the two arms with respect to inferior corneal staining with fluorescein [26] .
In another randomized phase 3 trial in which participants were randomized to lifitegrast or placebo, eye dryness score on a visual analogue scale improved to a greater degree in the lifitegrast arm compared to placebo. However, ocular discomfort (distinct from dryness) did not differ between arms. While there was a trend for a greater proportion of participants in the lifitegrast arm compared to placebo experiencing an improvement in secondary outcome measures of signs of keratoconjunctivitis sicca (conjunctival redness score, corneal fluorescein staining, conjunctival lissamine green staining, and Schirmer 1 testing), these were not statistically significant [27••] .
Systemic immunomodulatory and biologic therapy
The treatment of keratoconjunctivitis sicca with systemic immunosuppression merits investigation. Given that the conjunctiva and lacrimal gland ductules exhibit an inflammatory infiltrate on histopathology [6, 28, 29] , it bears at least some consideration to use systemic immunosuppression to prevent inflammatory changes in the lacrimal gland and conjunctiva, thereby preserving function of the exocrine glands they contain. Turning to intraocular inflammation (uveitis) where such an approach is standard may serve as a potential model for an approach to some types of keratoconjunctivitis sicca, particularly in Sjögren's syndrome [17] . Indeed, systemic therapy has been associated with improvement in the ocular signs and symptoms of Sjögren's syndrome as presented below. Insight into the efficacy of systemic immunomodulatory medication decreasing conjunctival anatomical changes associated with Sjögren's syndrome has been provided by one group performing tarsal conjunctival biopsies before and after starting systemic immunosuppression. In their two cases (both patients had Sjögren's syndrome in the setting of rheumatoid arthritis), conjunctival biopsy prior to starting immunosuppression revealed decrease in height of microvilli and lack of branching microvilli on electron microscopy. Following the institution of systemic antimetabolite therapy (one patient received azathioprine while the other received methotrexate), repeat tarsal conjunctival biopsy demonstrated an increase in number, height, and branching of the microvilli [30] .
While recommendations exist for employing systemic immunomodulatory medications (particularly hydroxychloroquine and methotrexate) in Sjögren's syndrome, such recommendations are typically for widespread systemic involvement (inflammatory musculoskeletal pain) [31 • ]. The anti-tumor necrosis factor inhibitor biologics have previously not been recommended for Sjögren's syndrome unless there is an associated systemic autoinflammatory condition that requires the use of such therapy (rheumatoid arthritis, for example). There has been consideration, however, for the biologic rituximab in Sjögren's disease, including when there is keratoconjunctivitis sicca, though the recommendations for this indication are weak. Stronger recommendations for rituximab's use are for cryoglobulinemia, vasculitis, inflammatory arthritis, and peripheral neuropathies in the setting of Sjögren's syndrome [31 • ]. Nevertheless, the interest in immunomodulatory and biologic therapy for Sjögren's syndrome is increasing and we will likely see more clinical trials designed to evaluate the efficacy of such therapeutics in keratoconjunctivitis sicca.
Antimalarials Hydroxychloroquine and chloroquine
Chloroquine and hydroxychloroquine are antimalarial medications that also have anti-inflammatory properties and have been used extensively in rheumatoid arthritis and systemic lupus erythematosus.
In a study of Sjögren's syndrome patients that had been taking hydroxychloroquine for at least 2 years, all 32 patients were discontinued from their antimalarial for 3 months. There was a statistically significant worsening of tear break up time, Schirmer 1 scores, and corneal and conjunctival staining [32] . Additionally, patients became symptomatic with respect to ocular sensations including gritty and burning sensations. In a retrospective, openlabel study of patients with primary Sjögren's syndrome taking hydroxychloroquine for at least 2 years, there was an improvement in ocular pain and dryness as well as features of keratoconjunctivitis sicca (corneal staining and Schirmer 1 testing) [33] . More recently, in a masked, randomized trial comparing hydroxychloroquine to placebo in primary Sjögren's syndrome, there was no change in either group between baseline and week 12 with respect to tear break up time and Schirmer 1 testing [34••] . While the Ocular Surface Disease Index (OSDI) improved for both groups at weeks 6 and 12, there was no statistically significant difference between the two arms.
Because hydroxychloroquine can cause retinal toxicity (specifically a maculopathy), baseline testing including macula optical coherence tomography, central visual field testing, and fundus autofluorescence should be performed at baseline and at follow-up intervals.
Antimetabolites Methotrexate
Synthesized in the 1940s, methotrexate found use in the 1950s for psoriasis and then in the 1960s for rheumatoid arthritis [35] [36] [37] . By targeting mammalian dihydrofolate reductase (an enzyme important for purine and thymidylate synthesis), methotrexate abrogates the growth and division of rapidly dividing cells, which in the case of autoinflammatory conditions includes inflammatory cells. Methotrexate is a mainstay for steroid-sparing control of ocular inflammation, including uveitis and scleritis [38] . In a small case series, two patients with intractable keratoconjunctivitis sicca (one patient with Sjögren's syndrome and the other with rheumatoid arthritis and, thus, perhaps secondary Sjögren's syndrome) responded well to methotrexate alone or methotrexate used in combination with a biologic [39] . While methotrexate has well-documented efficacy in ocular inflammatory conditions like uveitis and scleritis, there is scant data in the literature that would support its use specifically to improve keratoconjunctivitis sicca. Future studies utilizing methotrexate for Sjögren's syndrome-related keratoconjunctivitis sicca are needed.
Mycophenolate mofetil
Mycophenolate mofetil, which inhibits inosine monophosphate dehydrogenase, blocks de novo purine synthesis, leading to a decrease in DNA synthesis in proliferating lymphocytes. Mycophenolate mofetil, like methotrexate, plays an important role as a first-line steroid-sparing agent for ocular inflammation [40] .
In one open-label study, patients with primary Sjögren's syndrome were treated with mycophenolate sodium. Most patients reported a subjective improvement in their dry eyes by the visual analog scale. There was, however, no improvement in signs of keratoconjunctivitis sicca. Mycophenolate did lead to improvement in hypergammaglobulinemia and reduction in serologic rheumatoid factor in some patients [41] . In a small retrospective study, patients with sensory neuropathies (including paresthesias and pain) showed an improvement in their handicap scores, but ocular pain specifically was not assessed [42] . Similar to methotrexate, future studies using mycophenolate mofetil for Sjögren's syndrome are needed to demonstrate efficacy that is reasonable in light of medication side effects.
Biologics Rituximab
Rituximab is a chimeric monoclonal antibody that targets the Blymphocyte surface antigen, CD20, and has been effective in the control of ocular inflammation, particularly in scleritis and ocular cicatricial pemphigoid [43] [44] [45] . In the setting of Sjögren's syndrome, two small, masked trials where participants were randomized to placebo or rituximab showed that symptoms of dryness (including ocular) improved with rituximab [46, 47••] . However, a larger multicenter randomized trial, placebo-controlled trial, showed that rituximab did not improve Schirmer 1 testing, tear break up time, or ocular symptoms [48].
Belimumab
As an inhibitor B cell-activating factor (BAFF), the monoclonal antibody belimumab may decrease B cell-mediated inflammation in exocrine glands. While an open-label phase II study showed that Schirmer testing did not change with therapy, symptoms of dryness (including ocular) improved [49] . Currently, in the USA, belimumab is approved by the US Food and Drug Administration (FDA) for systemic lupus erythematosus.
Abatacept
Abatacept has demonstrated efficacy in reducing disease activity in Sjögren's syndrome. While some studies have shown no statistically significant change in tear break up time with therapy [50] , other studies involving Sjögren's syndrome in the setting of rheumatoid arthritis have shown an improvement in Schirmer testing [51•] , which is felt to be a better indicator of lacrimal gland function [7, 52•] .
Conclusions
There is an unmet need for disease-modifying therapy in Sjögren's syndrome. First-line therapy for managing keratoconjunctivitis sicca in Sjögren's syndrome typically involves using lubricating eye drops (including artificial or serum tears), though scleral lenses can offer significant improvement. These therapies, however, do not modulate the inflammatory processes in the lacrimal gland and conjunctiva that can lead to the discomfort, pain, and reduced vision in keratoconjunctivitis sicca. Specific topical therapy may address this at a local level and there is a wide variety of topical immunomodulators to choose from: corticosteroids, cyclosporine, and lifitegrast. However, given that there is a systemic drive for the inflammation occurring on the ocular surface, the use of systemic immunosuppression is intriguing because there is a chance to induce a remission with such an approach. Moreover, there is a potential for the systemic complications associated with Sjögren's syndrome to be treated or perhaps prevented altogether when keratoconjunctivitis sicca in Sjögren's syndrome is present. Future randomized trials in which immunomodulatory or biologic therapy is instituted for ocular involvement in Sjögren's syndrome are needed.
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